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| nt roducti on

The presence of organochlorine pesticides in rainwater was first reported by
Wieatl ey and Hardnman in 1965. They found a few parts per billion of I|indane,
dieldrin and DDT in rainwater collected in central England. In 1966 Cohen and
Pi nkerton noted the rain-out of organochlorine pesticides at several points in
the United States. They also reported the translocation of pesticides by dust.
Banmesberger and Adanms (1966) have done a survey for aerosol and gaseous phase of
t hose compounds. Recently Risebrough, Giffin and Gol dberg (1968) have reported
these pesticides in Atlantic tropical trade winds at the island of Barbados,
Vst | ndies.

The purpose of this work was to explore the occurrence of organochlorine
pesticides in several sectors of the marine environnent. Firstly, it was to
confirm the presence, qualitatively and quantitatively, of pesticides at
Bar bados. Several pesticides not previously noted were found, indicating that
the given input value to the Atlantic is at least twice as great as reported.
Secondly, it was to determine if organochlorine pesticides occurred in tropical
rain showers and cyclones and if so, if they could be recovered and neasured by
the emul sion extraction nethod recently devel oped by the author. In the reports
nenti oned above, large ampunts of sample (liters), long sanpling times (days)
and el aborate recovery, clean-up and separation procedures were required in
order for the minute anmpunts of pesticides present to be detected. Because the
ermul sion extraction method allows 10° direct concentration, these problems are
elimnated. This nethod has reveal ed the presence of organochlorine pesticides
in tropical trade wind showers and cyclones with nuch higher concentrations in
severe cyclones. Thirdly, it was to deternmine if there is a relationship between
the pesticide dust input and pesticide occurrence in tropical trade wi nd showers
and cyclones. It seens probable that air-sea interaction is the controlling
nmechanismwith sea slicks acting as surface concentrators of pesticides.

Procedur es
ot ai ni ng Sanpl es:

Details of how dust is collected at Barbados with extrene care to avoid
contaminati on have been given (Delany et al., 1967, Prospero, 1968). O
i nportance here is the fact that when the dust is washed by water from the
collector nets, it is allowed to settle in this water in a bucket. Three stages
of settling are used in successively smaller containers with the wash water
bei ng siphoned off and discarded. Local deionized water is used. For this
report, water was distilled and hexane extracted in Manm so that it was free
fromchlorinated pesticides to less than 0.01 parts per trillion. Thirty liters
of water was sent by air to Barbados in 12-lgal. glass bottles with teflon
lined caps. This provided sanples of wash water for 12 consecutive days. Wash
wat er was siphoned back into the lgal. glass bottle fromwhich it came, sealed

and returned by air to Manm . Sanples were taken from Novenber 23 to Decenber
4, 1968. Dust sanples collected during 1967 were used for conparison since the
dust was collected during the above tine will not be available for sone tine

due to the accidental dem se of the operator of the Barbados dust station in
early Decenber.

It had been intended to collect airborne sanples of hurricane rain in specially
prepared sanpling bottles, particularly in hurricanes that continued fromfar at
sea across |and masses. However, prom sed cooperation by ESSA was w thdrawn at
the last minute on each occasion of a hurricane within sanpling range and no
ai rborne sanples of 1968 hurricanes were obtai ned.



Airborne hurricane water sanples for the last three years collected for tritium
anal ysis (Gstlund, 1967) were surveyed. These sanples are collected in cleaned
glass bottles with polyseal caps. Since the anpbunt of water needed was
considerably nore than that usually collected, nost sanples were elimnated from
consi deration. However, two hurricanes were found, Fern on Cctober 10, 1967 and
Chloe on Septenber 9, 1967, which provided large rain sanples during their
penetration. Fern was located in the Central Gulf of Mexico and Chl oe was about
400 mi | es east of Bernuda.

Rain from 1968 trade wi nd showers and tropical cyclones was collected at the
Institute of Marine Sciences located on Virginia Key near Mani, Florida.
Sanpl es were collected on the roof of the tallest structure, about 15 m above
ground. Rain was collected in a stainless steel tray and passed through gl ass
tubing to a glass bottle. Tray, tubing and bottle were cleaned with acetone and
hexane before each sanple collection. Hurricane Abby and a tropical depression
both occurred in June, 1968. Trade wi nd showers were collected during times of
st eady east and southeast wind fromJune to Novenber, 1968.

Surface slicks were collected from Biscayne Bay and the Florida Current during
June- August, 1968. Sanples were collected in cleaned 200-nL glass bottles with
teflon lined caps. A sanple was taken by holding the lip of the bottle just
under the surface of the water and allowing the slick to pull itself into the
bottle, non-slick sea water sanples were taken in the same manner. Duplicate
sanples for head gas analysis of organic conpounds were taken in prepared
bottles (Seba, 1968 Cotwin, 1969) at the sane time as slick and non-slick sea
wat er sanpl es.

Anal ysi s of Sanpl es

Bar bados wash water was partitioned against the same 100 nL of hexane in
successive 100 nmL aliquots. The original sanple bottle was washed with the same
100 nL of hexane. The hexane was evaporated to 1/100 volunme under a stream of
high purity N, passed through mol ecul ar sieve. The hexane used, obtained from
Burdi ck & Jackson Laboratories, Miskegon, M chigan, can be concentrated 10° with
no interfering substances produced.

Bar bados dust was analyzed by transferring a weighed aliquot to a clean glass
vial with a teflon lined cap. Hexane was then added and the sealed vial placed
in an ultrasonic cleaner. Utrasonics very effectively pulverizes the dust
maki ng direct extraction possible. Hexane was evaporated to 1/10 vol une.

The enul sion concentration nethod was used on all rain water sanples. In this
net hod, hexane is introduced to the water sanple in a ratio of 1:100 and then
vigorously stirred with a teflon coated magnetic stirring bar to form an

emul sion. Wiile this enulsion will not break, it will rise to the top upon
standing. Ninety percent of the water can then be renoved, |eaving a hexane to
water ratio of 1:10 which will break upon stirring. Extraction was done in the

original sanpling bottle. The hexane was then evaporated to 1/10 vol une.

Sea slicks were directly extracted at 1:10 with hexane in the collection
bottl e. The hexane was evaporated to 1/10 vol une.

Analysis of all hexane extracts was done on one of two simlar instrunents. A
Beckman GC-5 gas-liquid chromatograph with a helium arc enission electron
capture detector installed in Decenber, 1968, or a specially designed Aereograph
A-600B gas-liquid chromatograph with a N 63 electron capture detector (Seba,
1968). Identification was done by both retention tine correlation with FDA
certified pesticide standards and the extractive paraval ues nmet hod of Bowran and
Beroza (1965). Three different colums were used so that different retention
times could be obtained for any particular pesticide. The columms used were 5%
Q-1 with 80/90 nesh Gas Chrom Q support, 3% SE-30 with 42/60 nesh Chronobsorb G
support and 3% AN60O0 with 80/ 90 nmesh Anakrom Q support.

Very careful attention was given to every phase of the analysis to avoid any
contamination or alteration of sanples. Blanks and controls were run throughout
and no contami nati on was found. Experience has shown that contam nation usually



reveal its occurrence by an enornous anmpunt of a particular conmpound in relation
to others present. Six identical sanples run on Hurricane Abby showed reasonabl e
agreenent .

Sea water sanples were assayed for acetone, butyral dehyde and 2-butanone by the
head gas method (Seba, 1968; Corwln, 1969). Analysis of the head vapors was done
on a Beckman GC-5 gas-liquid chromatograph with dual hydrogen flane ionization
detectors. Matched-colums of 10% Carbowax 20M with 60/80 mesh Chrompsorb W
support were used.

Resul ts

Fi gure [TABLE] One shows the absolute anpunt of pesticides in each wash water
sanmple and its concentration in the air at Barbados. Also noted tentatively on
the basis of retention time but not confirnmed due to unknown interfering peaks
on the chromatogranms were |indane, heptachlor epoxide and chlordane. The
conpounds producing the interfering pairs varied in intensity and nunber but
some were present in all water and dust sanples. The average val ue of pesticide
in air obtained from the wash water was 86 x 10 g/ni. The values given in
Figure One are based on a collection efficiency of 50% for particles greater
than 1 micron (Delany et al., 1967). Since the collection efficiency drops off
rapidly for particles smaller than 1 micron, it should be enphasized that the
val ues reported are only mninmal and could be greater.

The 1967 Barbados dust gave a pesticide distribution very simlar to that
reported by Risebrough et al. (1968) for 1965-66. They gave an average val ue of
78 x 10" g/mi of air whereas 82 x 10 g/ni was found for the 1967 dust sanpl es.

O particular interest is the fact that slightly nore pesticides were found in
the wash water than in the dust and that p,p’ -DDE was the major constituent with
p,p’ -DDT second in the wash water while the situation was reverse in the dust.
It is felt that these values represent absol ute background contani nation since
they are independent of dust load and so do not display seasonal variation as
does the dust (Prospero, 1968).

Figure [TABLE] Two shows averaged values of pesticides for different types of
tropi cal weather systens. A total of 23 sanples were anal yzed. Besides revealing
the presence of a nunber of organochl orine pesticides, Figure Two shows a strong
consi stency between the tropical depression and Hurricane Abby. This would
indicate not only the precision of the sanpling nethod but that both cyclones
had t he same air nmass structure. o parti cul ar i nterest



Table 1. Amounts of pesticides in wash water sanples and its concentration in
ai r at Barbados.

Dat e Air Pesticide amounts in nanograns (x 10° g) Anount
(1968) Vol une inair
x10° nf p,p'-DDT p,p -DDE Dieldrin o, p DDT Tot al x 107" g/ mi
Nov. 23 1.2 2.8 23.6 0.6 0.1 27.1 45,2
Nov. 24 0.8 2.6 53.7 1.2 57.5 143. 6
Nov. 25 0.7 5.9 64. 2 1.3 0.1 71.5 204. 2
Nov. 26 0.8 0.8 27.2 0.6 0.2 28.8 72.0
Nov. 27 1.0 0.2 37.9 0.9 39.0 78.0
Nov. 28 1.5 3.5 22.8 1.0 0.1 27. 4 36.6
Nov. 29 1.5 5.8 23.1 0.4 29.3 39.0
Nov. 30 1.5 4.8 32.8 0.4 38.0 50.8
Dec. 1 1.3 4.2 57.7 0.5 0.2 62.6 114.0
Dec. 2 1.1 5.2 44. 4 1.4 0.1 51.1 93.0
Dec. 3 1.5 2.2 72.0 1.0 1.4 76.6 102. 4
Dec. 4 1.6 3.0 41.6 0.3 0.5 45. 4 56. 8

Table 2. Averaged values of pesticides for different types of tropical weather
syst ens.

Weat her system Concentration in picograms (x 10 g)/L rainwater

Li ndane Chl or dane Hept achl or epoxi dep, p’ - DDE o,p’' -DDT p, p’' -DDT
Trade wi nd showers 1.0 1.6 2.0 0.1 2.4
Tropi cal depression 2.0 2.0 4.3
Hurri cane Abby 2.0 2.0 4.3
Hurricane Fern 95 29 70 50

Hurri cane Chl oe 185 73 225 143




Fi gure 3. Chronmatogram of pesticides in tropical rainwater. Separated on 5% Q1
with 80/90 nesh Gas Chrom Q support. Columm length, 1/8" o.d. x 6'; tenperature
200 °C. Ni 63 electron capture detector at 225 °C. Flow rate: 55 nmL/min N.

is the greatly increased pesticide load in hurricanes Fern and Chloe. The
hi ghest concentration of pesticide was found in the cloud wall of Chloe, being
al nost twice that found on the fringe of the cyclone. A typical chromatogramis
shown in Figure Three.

Figure |[TABLE] Four gives the concentrations of pesticides in the sanpled
surface slicks. Also noted tentatively on the basis of retention tine but not
confirmed due to unknown interfering pairs on the chromatograns were |indane,
hept achl or epoxi de and chlordane. The values given are the average of several
slick sanples taken at the sane |ocation over a period of several weeks during
June August, 1968. Five to nine sanples were averaged. Sone |ocations were
sanpled nore often only because of the traceability during inclenment weather.
Variation was about 25% and sonetimes occurred in duplicate sanples of the same
slick. Atotal of 53 sanples were taken.

Fi gure Five shows the approximate |ocation of the slicks and their relationship
to the South Florida Flood Control Canal and the Florida Current. The canals
were alnmost continuously flowing into Biscayne Bay during the sanpling period
due to extrenely heavy rainfall. Drainage of the extensive agricultural area
southwest of Mam is acconplished exclusively by these canals, particularly
C-1 and C100. Extensive aerial and boat surveys revealed that nmany of these
slicks were seni permanent features. One slick near the Institute of Marine
Sci ences, associ at ed with t he



Tabl e 4. Concentration of pesticides in surface slicks.

Slick Concentration of pesticides in parts per billion

nunber p, p’ - DDT p, p’ - DDE Dieldrin o, p’ - DDT Al drin Tot al

S-1 0. 049 0.124 0. 003 0.012 0.018 0. 206
S-2 0. 090 0. 266 0. 004 0.013 0.015 0. 388
S-3 3. 460 9. 250 0. 022 0. 005 0. 017 12. 750
S-4 1. 460 2.880 0. 035 0. 081 0. 025 4. 480
S-5 0.114 0. 266 0. 010 0. 002 0.034 0. 426
S-6 0. 140 0.178 0.021 0.014 0. 005 0. 358
S-7 0. 017 0.061 0. 002 0. 002 0.011 0. 093

outfall of the Mam River, was noted everyday from June to Decenber, 1968. Its
wi dth would very greatly froma few neters to over 100 depending on the tide

wind and water outfall but its length and |ocation were quite permanent. This
per manence of slicks associated with water outfall has been reported for other
|l ocations (Ewing, 1950). Aerial photos revealed that during the period of
June- August, 1968, about 10% of Biscayne Bay was covered with surface slicks
with the coverage rising to 20% in the area around Turkey Point. The increase
in slick area around Turkey Point is probably due to the increased Langnuir
circulation caused by the instability in the water induced by the |arge thernmal
addition fromthe effluent of a power plant |ocated at Turkey Point.

O particular interest is the large nunber of pesticides noted and their
distribution. Slicks off canals draining heavily farnmed areas contained up to
137 times as much pesticide as surface slicks in the Florida Current. The
Current can be taken as a background value for Caribbean waters as |ocal shore
wat er does not reach the main axis of the Florida Current as it flows past
M am .

Bi ol ogi cal activity was very intense in the water immediately under the slicks
in conparison to that in surrounding slick-free water. Large, dense schools of
smal |l fish (d upidae and Engraul i dae) occurred just under and in the slick. The
| ocation of slicks could often be deternined before they could be observed by
noting the feeding of sea gulls on these fish. Larger game and food fish were
often observed feeding on the schools of small fish. GObservations and
conversations with local fishernen revealed that fishing usually was better
when a slick passed under a bridge or pier. H gh biological activity from
pl ankton to fish and dol phins in slicks has been carefully docunented (Babkov,
1965). Nunmerous other authors have noted aspects of this activity (Bainbridge

1953; Bary, 1953; and WIlliam 1967).

Sanpl es of water taken at the sane time as the surface slicks generally had no
detectabl e anpbunts of pesticides (less than 1 part per trillion). A total of 51
sanmpl es were analyzed. Sea water taken from Bear Cut inlet and distributed
through a flowing salt water supply system at the Institute of Marine Sciences
did not reveal the presence of any chlorinated pesticides during 1966 and 1967
when it was sanpled on a weekly basis. The U S. Geological Survey reports no
det ectabl e anmpbunts of pesticide in C2 and C 100 (Koli pinskl and Higer, 1969).

The concentration of organochlorine pesticides was found to be selective. Three
organi ¢ conpounds, acetone, butyral dhyde and 2-butanone, have been recently
reported as occurring in the Florida Current and other oceanic waters (Corw n,
1969). Head gas anal ysi s f or t hese
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Figure 5. Location of slicks and their relationship to South Florida Flood
control canals and the Florida Current. [ONLY APPROXI MATE CANAL LOCATIONS I N
THE MAI NLAND ARE NOTED. ]

Table 6. Averaged concentration of organics in sea water and slicks.

Wat er sanpl e type Concentration of organics in ng/L
Acet one But yr al dehyde 2- But anone

Slick 0. 0897 0. 0267 0. 0297

Non- sl i ck 0. 0396 0. 0259 0. 0297

conpounds revealed their presence in all slick and non slick sea water sanple
taken. The averaged values are given in Figure [TABLE] Six. While there was sone
overall concentration of acetone and butyraldehyde in sea slicks, it was
sporadi c, independent of location and was never nore than three fold, as
conmpared to the at |east 105 concentration of pesticides in sone of the sanme
slicks. The slight concentration of these three organic conpounds nay be due to
their volatility and solubility.



Di scussi on

It had originally been thought the pesticide |oading reported for Barbados air,
78 x 10" g/mB (Risebrough, et al., 1968), night be too |ow because of the
di ssolution of pesticides into the wash water while the settling was taking
pl ace, The fact that nore pesticide was found in the wash water than in the
settled dust provides strong support for the conclusion reached by Ri sebrough et
al. that the atnosphere is responsible for transporting significant quantities
of pesticides to the open-ocean ecosystem However, the distribution of
pesticides in the wash water is somewhat different fromthat of the dust. This
indicates a possibly different source than direct w nd conveyance from the
continents for these pesticides in narine air. Such an alternate source m ght be
the sea surface, provided that nechanisns exist to concentrate and renove
pesticides fromit. For this reason, it is particularly interesting to note the
collection of pesticides in sea water slicks.

Pesticides apparently exist in very low concentration in the open oceans.
Al t hough no surveys have been made of the occurs, their lack of detection in
sea water in heavily polluted estuaries attests to this. Oher investigators
have found or set very low linmts on pesticide concentration in estuaries
(Kol i pinski and Higer, 1969). In an east coast estuary so polluted with DDT
that natural populations were probably being linmted, DDT concentration was
estimated at less than 50 parts per trillion (Wodwell, Wrster, Jr. and
| saacson, 1967).

Croker and W/l son (1965) deliberately applied DDT to a tidal nmarsh ditch at a
concentration of 70 parts per billion. In less than 24 hour DDT could only be
found in the surface water and these traces di sappeared within 5 days. However,
a patch of oil found 8 days after the application contained 133 parts per
bil'l'ion DDT.

Simlarly, pesticides collected in surface slicks in Biscayne Bay and the
Florida Current. Although their concentrations were not deternminable in water,
a concentration gradient must have existed because the slicks with the highest
pesticide load occurred closest to the major outfalls. The rapid drop-off of
pesticide load in the slicks away from the outfalls adds additional support to
the argunment that the value for slicks in the Florida Current is representative
of Caribbean waters. Thus it is apparent that pesticides tend to collect at the
wat er surface, particularly in surface fil ns.

Up to a five fold concentration of dissolved organic carbon and up to a 1500
fold concentration for particulate carbon has been reported for sea water
(WIlliams, 1967). The finding that acetone, butyral dehyde and 2-butanone, comon
to all sanples, were barely concentrated, but in different proportions, while
the pesticides were concentrated several orders of nagnitude, denpnstrates that
the slick enrichment reported by WIlliams is not just a sinple concentration
process but a highly selective fractionation as well and so may be of
consi der abl e ecol ogi cal inportance.

The distribution of pesticides in the slicks was simlar enough, particularly
the high concentration of p,p’'-DDE, to indicate perhaps sone degree of causal
relationship to the pesticides recovered from the Barbados wash water. The
hi gher ampunt of p,p’'-DDT in slicks may be a result of the continental
pesticide dust inpinging on the surface of the water, Such dust particles would
tend to collect in surface slicks (Fox, |Isacas and Corcoran, 1952).

The concentration of pesticides in surface slicks and the high degree of
bi ol ogical activity associated with them nmay explain several problens of
concern to ecol ogi sts.

Sutcliffe, Jr,, Baylor and Menzel (1963) found that when the rate of downwelling
of the converging water nmasses exceeded the spreading speed of the slick, the
filmis probably conpressed, collapsed and peptized into colloidal mcells which
are carried downward in the water columm, These nutrient rich particles could be
adsorbed and utilized by phytoplankton or could coalesce with other particles
and becone available to filter feeders, thereby increasing biological activity



under slicks. Babkov (1965) has found a large increase in phytoplankton
productivity in slicks, yet Wirster, Jr., (1968) found that just a few parts per
billion of DDT inhibited photosynthesis in marine plankton.

Wde variations in the anmpunts of pesticide residues are often found anong
i ndi vidual fish, even those from the same estuary (Butler, 1966). It seans
entirely possible that a fish associated with a slick off the C 100 canal woul d
have | ess than 1/10 the pesticide uptake of a fish associated with a slick Just
three mles to the south.

Sea gulls and pelicans were observed to dive through the slicks with their beaks
open, thus undoubtedly taking up some concentrated pesticide. This probably

helps to explain, in addition to biological magnification within their food
chain, why carnivorous sea birds have been found to have the highest pesticide
resi due concentrations of all the estuarine fauna (Wodwell, Wrster, Jr. and

| saacson, 1967), Pesticide concentration in sea slicks may al so explain the high
amount of pesticide residues in wholly pelagic sea birds (Wirster, Jr. and
Wngate, 1968). Furthernore, this mechanism may al so explain the occurrence of
pesticide residues in the fauna of Antarctic, extremely renote from many source
of contamination (Sladen, Menzie and Reichel, 1966). Thus, the finding of much
hi gher concentrations of DDT and its conjugates in slicks may also be of
consi der abl e ecol ogi cal inportance.

In the introductory papers nentioned, dust was generally felt to be the source
of pesticides in the rainwater collected. If this is assumed to be true, the
average value of organochlorine pesticides found at Barbados of 168 x 10° g/ mni
can be used. The average ni of tropical trade wind contains about 25 nL of water
(Sterns, 1969). This neans that if all the pesticide dust were washed out
during precipitation, an average liter of rain would contain 6.5 x 10” g of
chlorinated pesticides. This value is in agreenent with those listed in Figure
Two for the local precipitation,

However, the values reported for Hurricanes Fern and Chloe are clearly too great
to be accounted for by dust wash-out. A possible explanation nmay be air-sea
surface interaction. The sonewhat simlar distribution of pesti ci des,
particularly p,p’ -DDE, between slicks, Barbados wash water and hurricane rain
water again indicates a possible causal relationship. Surface slicks may be
formed by internal waves or by wi nd-induced Langnuir circulation when the wi nd
force is Beaufort 3 or greater (Ewing, 1950). Both these nechanisnms occur in
tropi cal cycl ones. Sutcliffe, Jr., Baylor and Menzel (1963) have shown that
organics are concentrated and renoved from sea water by adhering to droplets
formed when bubbles burst at the surface, particularly the organic film in
slicks. Blanchard (1964) has shown that droplets that rise fromthe sea in the
surf zone carry a highly conpressed surface active film Both surf and bubble
formation greatly increase in the ocean under the influence of cyclonic w nds
and surface area increases accordingly.

Gatz (1966) has determned that contam nants deposited in rain from nost
convective storns are drawn into the storms from low | evels of the atnopsphere,
along with water vapor. OGstlund (1967) has determined that the input of sea
water to a hurricane is two to thee tinmes that of water vapor already present by
tritium neasurenents. Gstlund found that the ampunt of sea water vapor present
increases steadily to the eye of the hurricane. A sinmilar situation occurred
with the pesticides in Chloe. Fern was a mnimal hurricane while Chloe was fully
devel oped. The fact that Chloe had nore pesticide load than Fern can be
accounted for by the increased sea state in Chloe and the consequent increase in
bubbl e and spray fornation.

The renoval of only 20 kg of pesticide fromthe ocean by a storm covering (5 X
10° m? to an altitude of 8 x 10° mwould result in 20 x 10" g/L if uniforny
di stributed and 50% washed out.

The extent of slicks in the open ocean is not known but their occurrence has
been noted throughout the seas of the world (Ewing, 1950) and are believed to
exi st throughout all oceans (WIIlians, 1967). If one assumes that slicks cover
only 1/10 as nuch area in the open ocean as in coastal areas the value would be
about 1% Further, let it be assuned that the true oceanic concentration of
pesticides in slicks is only 1/10 of that found for Caribbean waters. Finally,



if it is assumed that only 50% of this pesticide is renoved from the sea
surface during droplet formation by surf and bursting bubbles and advected into
a cyclone's convective circulation, slightly nore than 20 g of pesticide-would
still be provided.

Thus, it seens quite possible that somewhat the sane nmechani snms which result in
the distribution of sea water in tropical cyclones also account for the
distribution and increased amounts of organochlorine pesticides present in
t hese storms.

However, it should be noted that nothing is known about the role the atnopsphere
may play in the transport of pesticide vapors as research is just beginning in
this field (Barney, Il, 1969). Up to 1 x 10’ g/ni of DDT, toxaphene and
parat hion vapors in air has been found at Olando, Florida (Stanly, 1968), an
amount whi ch exceed by 10° those reported here. It seens likely that this source
of pesticides in the air nmay be inportant to the interpretation of the results
not ed.

Sunmary

Over twice the amunt of chlorinated pesticides originally reported for
Barbados (78 x 10" g/m) has been found (168 x 10* g/nm). The additional
pesticides are recovered from the water used to wash the dust from the nets.
The distribution of pesticides in this wash water fraction, particularly
p,p’'-DDE, is simlar to that found in sea water slicks. Slicks may concentrate
pesticides in sea water up to at least 10° and reflect concentration gradients
even though the anount of pesticide in the water is undetectable. The anpunt of
pesticide in solution in highly contam nated estuaries is extrenmely low, often
bel ow the part per trillion level. However, surface slicks from such estuaries
have been found to have over 1-2 parts per billion. Because there is a high
bi ol ogical activity associated with slicks, this pesticide concentration may
have inportant ecological inplications. The occurrence of organochlorine
pesticides in tropical rainwater and cyclones, including that collected by
aircraft far from land, is reported. The somewhat sinilar distribution of
pesticides in cyclones, wash water and slicks, particularly p,p -DDE, my
indicate a causal relationship. The high pesticide content in these cyclones
cannot be accounted for by dust wash-out, as can the pesticide content in trade
wi nd showers. The increase in pesticide content is probably accounted for by
the renmoved of pesticides fromthe sea surface, where they are concentrated in
slicks, during droplet formation by surf and bursting bubbles. The anmpunt of
pesticide vapors transported by air is virtually unknown but it seenms likely
that it may be of inportance.
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I ndex to pesticides

Aldrin

Chl or dane

DDT

Dieldrin

1, 2, 3, 4,10, 10- hexachl or o- 1, 4, 4a, 5, 8a- hexahydr o-
1, 4- endo- exo- 5, 8- di met hanonapht hal ene

1,2,4,5,6,7,8,8-octachloro-2, 3,3a,4,7, 7a-
hexahydr o- 4, 7- met hanoi ndene

A mxture of 1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane
and 1,1, 1-trichl oro-2(o-chl orophenyl)-2-( p-
chl or ophenyl ) et hane

A m xture of 1- (o-chl orophenyl ) - 1- ( p- chl or ophenyl ) -
2, 2-dl chl or oet hyl ene and 2, 2-bi s-(p-chl orophenyl) -
1, 1- di chl or oet hyl ene

1, 2, 3, 4,10, 10- hexachl or o- 6, 7- epoxy-1, 4, 4a, 5, 6, 7, 8, 8a-
oct ahydr o- 1, 4- endo- exo- 5, 8- di met hanonapht hal ene

Hept achl or epoxl del, 4,5, 6, 7, E, 8a- hept achi oro- 2, 3- epoxy-

Li ndane-
Par at hi on-

Toxaphene-

2,3,3a, 4,7, 7a- hexahydr o- 4, 7- net hanoi ndene
ganma i soner of 1, 2, 3, 4, 5,6-hexachl orocyol ohexane
0, o-di et hyl o-p-nitrophenyl thiophosphate

chl orinated canphene contai ning 67-69% chl ori ne
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